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CAMERA WITH IMPROVED ILLUMINATOR 

CROSS REFERENCE TO RELATED APPLICATIONS 
This application claims priority to prior 
5 provisional application number 60/255,928 filed 
December 15, 2000 entitled CO-AXIAL ILLUMINATOR. 

COPYRIGHT RESERVATION 
A portion of the disclosure of this patent 
10 document contains material which is subject to 

copyright protection. The copyright owner has no 
S objection to the facsimile reproduction by anyone of 

O the patent document or the patent disclosure, as it 

appears in the Patent and Trademark Office patent 
15 files or records, but otherwise reserves all copyright 
rights whatsoever. 



BACKGROUND OF THE INVENTION 
The present invention relates generally to 
20 automated optical assembly and inspection machines. 

These machines are used extensively in the 
field of surface mount technology (SMT) . One example 
of such a machine is known as a pick and place 
machine. Pick and place machines are used to 
25 automatically place electronics components upon a 
circuit board during manufacture. Generally a 
component is picked up by a placement head that is 
movable with respect to the board. The placement head 
orients the component correctly and places the 
3 0 component at a desired location on the board. 

In order to properly place components, it is 
necessary to determine the initial orientation and 
location of the component on the placement head. 
Additionally, the position of the placement head with 



reS pect to the board itself must be known. Once both 
are known, the position and orientation of the 
component are adjusted to place the component 
correctly upon the board. In order to sense component 
position and alignment, pick and place machines 
generally employ component align (CA) sensors. In 
order to sense the position of the placement head with 
respect to the board, such machines generally employ 
board align (BA) cameras. The BA camera is used to 
image a reference position marker or "fiducial" on the 
circuit board or board artwork. Analyzing the image 
of the fiducial allows calculation of the BA camera 
position with respect to the board. Since the BA 
camera is generally disposed on the placement head, 
for "on-head" machines, such analysis provides a 
relationship between the placement head location and 
the board. 

As components get smaller, and placement 
accuracy increases, it is increasingly important to 
have very accurate component align sensors and board 
align cameras. One difficulty in providing accurate 
images is providing the correct illumination to the 
target to be imaged. Illumination can vary based upon 
the type of image being acquired, the reflectivity of 
the article, the reflectivity of the background of the 
article, and many other factors. 

One popular method of illumination for board 
align cameras is known as co-axial illumination. Co- 
axial illumination is defined as illumination directed 
substantially along the line of sight of the imaging 
optics. Co-axial illumination is useful in that 
shadow images are minimized and surface features 
normal to the optical axis of the camera are 



illuminated efficiently, especially for objects with 
specular surfaces. Typically, co-axial illumination 
is effected using a light source projecting 
illumination from the side of the optical axis into a 
beamsplitter which bends the beam such that it aligns 
with the optical axis of the camera. This technique 
suffers from at least two limitations. First, the 
beamsplitter is not an economical part and thus can 
significantly increase the cost of the system. 
Second, the outgoing beam is attenuated by the 
beamsplitter and substantially decreases efficiency 
for diffuse targets. 

SUMMARY OF THE INVENTION 
An illumination and imaging system is 
provided with a co-axial illuminator that does not 
include a beamsplitter. The co-axial illuminator 
achieves efficiencies substantially in excess of those 
achieved with a beamsplitter. In one aspect, an 
optical stop is used to reflect illumination upon a 
target. The optical stop includes an aperture 
allowing light reflected from the target to pass to a 
detector. The aperture of the stop has an 
asymmetrical feature that facilitates operation on 
specular targets. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 shows a pick and place machine. 
Fig. 2 is a diagrammatic view of a placement 
head of a pick and place machine . 

Figs. 3A and 3B are diagrammatic views of an 
imaging system including a co-axial illuminator in 
accordance with an embodiment of the present 



invention. 

Fig. 4A is a top plan view of a stop in 
accordance with an embodiment of the present 
invention. 

Fig. 4B is an enlarged view of an aperture 
within the stop shown in Fig. 4A 

DETAILED DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENTS 
An electronics assembly machine, 
specifically, a pick and place machine, is shown 
generally in Fig. 1. Machine 201 includes conveyor 
system 2 02 for transporting a printed circuit board 
2 03 into a working area. Pick and place machine 201 
includes an x and y motor drive assembly 2 04 for 
moving placement head 2 06 independently in the x and y 
directions. Attached to head 206 are multiple vacuum 
nozzles 208, and 210 for releasably coupling to one or 
more components. Head 206 picks one or more 
components from trays 212 and while head 206 is 
transporting the components to printed circuit board 
203, sensor 200 senses the x,y and theta orientation 
of the components. Since sensor 200 is positioned on 
head 2 06, it is considered an on-head sensor and 
senses the x, y and theta orientation of the 
components while head 206 transports the components to 
board 203. Fig. 1 also illustrates camera 209 located 
on head 206. Generally, camera 209 is used to image 
reference marks or "f iducials" or board artwork 
located on the circuit board 203 in order to provide 
location information to machine 201. 

FIG. 2 is a perspective view of placement 
head 206. As illustrated, placement head 206 includes 
a pair of pick and place units 214 each of which 



includes a nozzle 216 that is adapted to releasably 
couple a component to be placed such as components 
218. Pick and place units 214 are adapted to displace 
components 218 along the Z axis to place components 
218 upon a circuit board 203 (shown in Fig. 1) . While 
components 218 are releasably held by nozzles 216, 
component align sensor 200 is translated with respect 
to components 218 while imaging components 218 such 
that the relative orientations of components 218 with 
respect to circuit board 2 03 can be computed. FIG. 2 
also illustrates board align (BA) camera 209 disposed 
proximate an edge of placement head 206 and facing 
downward. BA camera 209 acquires an image of a 
reference position marker (fiducial) on circuit board 
203 in order to allow calculation of the placement 
head 206 position with respect to circuit board 203. 

Fig 3A is a diagrammatic view of board align 
camera 2 09 in accordance with an embodiment of the 
present invention. Camera 209 includes detector 230 
which can be any suitable detector including a Charge 
Coupled Device (CCD) array. Detector 23 0 is coupled 
to image processing electronics (not shown) which 
receive the image detected by detector 230. Optional 
filter 232 can be disposed in front of detector 230 to 
filter the image arriving at detector 230. A first 
pair of optics 234A and 234B are positioned in front 
of filter 232 and are selected to focus incoming rays 
upon detector 230. Optics 234A and 234B can be 
considered a first lens cell. Although the first lens 
cell is illustrated as a pair of optics, the first 
lens cell can include any suitable number of lenses, 
including a single lens. Co-axial illuminator 236 is 
positioned in front of the first lens cell and allows 



the image to pass therethrough, while simultaneously 
injecting illumination substantially along the optical 
axis of camera 209. Illuminator 236 will be described 
in greater detail with respect to Fig. 3B. Optics 
238A and 238B (also referred to as a second lens cell) 
are positioned in front of illuminator 236 and 
cooperate to receive diverging ray bundles from a 
target of interest and bend the rays such that they 
remain parallel to one another. The second lens cell 
can also include any suitable number of lenses 
including a single lens. The rays remain parallel to 
one another until they pass through the first lens 
cell where they are caused to converge upon detector 
230. Those skilled in the art will recognize that the 
first and second lens cells form a doubly telecentric 
optical system that surrounds illuminator 236. Fig. 
3A also illustrates optional darkfield illuminator 
240. Darkfield illuminator 240 provides illumination 
to the target of interest at a relatively high angle 
of incidence. While only darkfield illuminator 24 0 is 
shown, those skilled in the art will recognize that 
many other types of illumination could be used as 
desired. 

Fig. 3B is a diagrammatic view of camera 209 
illustrating operation of the optics. Fig. 3B also 
shows illuminator 236 in greater detail. Fig. 3B 
illustrates the first lens cell (234A, 234B) receiving 
rays that are parallel to one another, and bending 
them slightly such that they converge upon detector 
230 after passing through filter 232. A pair of 
baffles 242, 244 are positioned between the first lens 
cell and co-axial illuminator 236. A stop 246 is 
included within illuminator 236. Stop 246 includes an 



aperture 248 through which the rays pass. Stop 246 
will be shown in greater detail in Figs. 4A and 4B. 
One or more light sources 250 are disposed within 
enclosure 253. Sources 250 can take the form of Light 
Emitting Diodes (LED 1 s) , incandescent lights, lasers, 
and/or any other suitable type of light. Source (s) 
250 are arranged to direct light toward stop 246. 
Stop 246 includes a surface 252 that reflects at least 
some light substantially along the optical axis of 
camera 209. In some embodiments, surface 252 can be 
stainless steel and preferably is diffuse. Surface 
252 can also be provided with a diffuse reflective 
coating. 

Illuminator 23 6 preferably includes an 
enclosure 253 having a reflective interior such that 
additional rays emanating from source (s) 250 are 
aligned with the optical axis thereby increasing the 
efficiency of illuminator 236. In a preferred 
embodiment, enclosure 253 is cylindrical. 

Optics 238A and 238B form a second lens cell 
that receives diverging rays 2 54 and bends rays 254 
such that they are substantially parallel with respect 
to one another. Thus, the first and second lens cells 
form an optical system that surrounds co- axial 
illuminator 23 6 and is telecentric in object space. 
However, embodiments of the present invention can be 
practiced advantageously in a non-telecentric optical 
system as well. 

Fig. 4A is a top plan view of stop 246 in 
accordance with an embodiment of the present 
invention. Stop 24 6 is preferably positioned above 
four Light Emitting Diodes 250 (illustrated in dashed 
lines) , however any suitable number of sources may be 
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used. Stop 246 includes aperture 248, which is 
preferably disposed at the center of stop 246. 
Surface 252 of stop 246 is a diffuse reflective 
surface. Thus, light from sources 250 projected 
5 normal to surface 252 is reflected off surface 252 to 
create the co-axial illuminator. It is feasible to 
depart from a normal illumination angle, provided that 
the light returning by specular reflection from 
horizontal target surface 252 is unobstructed. (A 
10 horizontal mirror would be an example of a specular 
Jl! horizontal target surface.) Suppose that a ray 

Q originates in the plane of stop 246 non-coincident 

lZ with the optical axis, and it experiences a specular 

|rj reflection from horizontal surface 252. By accepted 

H 15 laws of reflection, the ray will return to the plane 

ft! 

of stop 246 at a transverse location on stop 246 
M* relative to the optical axis that is directly opposite 

\ u the point of origin. If stop 246 has an aperture that 

V: is symmetric about the optical axis, every ray that 

p 20 originates on the reflective surface of stop 246 (that 

is, outside aperture 248) will, on its return, 
intersect another opposite point outside aperture 24 8 
and be blocked. Such a system would therefore 
undesirably obstruct all specular reflections from 
25 horizontal target surface 252. To overcome this 

problem, an asymmetry must be introduced into aperture 
248. In order to facilitate this arrangement, tangs 
254 are disposed such that substantially no 
obstructions are present on the opposite side of 
3 0 aperture 24 8 for any given tang. In a preferred 
embodiment, three tangs 254 are positioned as 
illustrated in Fig. 4B, though other asymmetrical 
apertures could be used advantageously. Using 



embodiments of the present invention allows use of a 
co-axial illuminator with specular targets without 
requiring a beamsplitter. It will be appreciated by 
those skilled in the art that any beamsplitter would 
attenuate outgoing light, whereas embodiments of the 
present invention avoid such attenuation. The return 
beam is attenuated by the tangs, but can be arranged 
to be no worse than the attenuation imposed by a 
beamsplitter. The efficiency of the system is thereby 
increased over that achievable using a beamsplitter. 

Although the present invention has been 
described with reference to preferred embodiments, 
workers skilled in the art will recognize that changes 
may be made in form and detail without departing from 
the spirit and scope of the invention. 



